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Synopsis: Through novel pelvic simulation and cognitive task analysis, bimanual 
vaginal examination was deconstructed into a core schema of 30 standardized 
steps.  
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Abstract 
Objective: To create a standardized universal list of procedural steps for bimanual 
vaginal examination (BVE) for teaching, assessment, and simulator development. 
Methods: This observational study, conducted from June–July 2012 and July–
December 2014, collected video data of 10 expert clinicians performing BVE in a 
nonclinical environment. Video data were analyzed to produce a cognitive task 
analysis (CTA) of the examination steps performed. The CTA was further refined 
through structured interviews to make it suitable for teaching or assessment. It was 
validated through its use as a procedural examination checklist to rate expert 
clinician performance. 
Results: BVE was deconstructed into 88 detailed steps outlining the complete 
examination process. These initial 88 steps were reduced to 35 by focusing on the 
unseen internal examination, then further refined through interviews with five experts 
into 30 essential procedural steps, five of which are additional steps if pathology is 
suspected. Using the CTA as a procedural checklist, the mean number of steps 
performed and/or verbalized was 21.6 ± 3.12 (72% ± 10.4%; range, 15.9–27.9, 
53%–93%). 
Conclusion: This approach identified 30 essential steps for performing BVE, 
producing a new technique and standardized tool for teaching, assessment, and 
simulator development. 
 
1. Introduction 
Bimanual vaginal examination (BVE) is an essential clinical skill and key for the 
diagnosis of various gynecological pathologies [1–3]. Despite its importance, medical 
students report a lack of experience, training, and confidence in performing the 
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procedure [4–6]. Lack of clinical examination proficiency can be detrimental to the 
safety of the patient and their healthcare experience [7]. 
 
Teaching BVE is problematic. Firstly, the examination is “blind” in that internal finger 
movements cannot be visualized by the student or teacher. Students rely on the 
teacher’s ability to verbalize their actions; however, some processes may be 
unconscious and experts are poor at verbalizing the steps [8]. Secondly, the BVE 
process is not standardized [7] and it may vary across subspecialties, which may 
result in students missing key steps for a safe examination, as well as adding more 
advanced steps that are beyond their educational needs and capabilities. Thirdly, 
obtaining clinical experience is increasingly difficult [9] as patients are reluctant to 
undergo intimate examinations for teaching purposes. Training with gynecological 
teaching associates is a viable alternative [10], but can be expensive. As a 
consequence, education is shifting toward simulation-based training. 
 
Cognitive task analysis (CTA) is a method of capturing expert knowledge by 
breaking down a process into its fundamental steps, including elements performed 
unconsciously [11]. Recent applications of CTA in medical education include 
developing simulation and teaching materials [12,13], which show improved learning 
outcomes for technical skills [14,15]. 
 
This study used a novel bench-top pelvic simulator to decode expert knowledge of 
BVE. The primary aim was to outline the sequence of steps needed to perform BVE. 
Secondly, we aimed to organize the information into an accessible and useful tool for 
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future application in teaching, assessment, and/or development of haptic (touch 
feedback) simulators. 
 
2. Materials and methods 
This observational study recorded expert clinicians performing BVE in a nonclinical 
setting at Imperial College London, UK, from June–July 2012. To generate a CTA, 
video and audio data were collected from 10 subject matter experts (SMEs) who 
performed BVE on a bespoke pelvic model. A sample size of 10 was considered 
reasonable in comparison with similar studies [12]. SMEs were defined as qualified 
obstetrician–gynecologist UK consultants (US attending) with at least 10 years of 
clinical experience in women’s health [16] and regular teaching responsibilities for 
medical students and/or residents. They were recruited from the obstetrics and/or 
gynecology departments at Imperial College Healthcare NHS Trust and gave 
informed consent for examination recording. Ethical approval for the study was 
obtained from the NHS National Patient Safety Agency Research Ethics Committee 
(09/H0701/68). 
 
To record the internal examination steps a new pelvic bench-top model (Studiohead, 
London, UK) was produced with an acrylic frame, silicone vulva, semitransparent 
silicone vagina, and polyurethane foam uterus and ovaries (Figure 1). In contrast to 
traditional commercially available models, in this model soft materials are used to 
better replicate physical tissue. The uterus is suspended by silicon-based ligaments 
for a more realistic anatomical feel. The ovaries attach to the anterior abdominal wall 
at various positions for different training scenarios. Two high-definition cameras 
mounted inside the model (anterior and lateral to the vaginal canal) allowed direct 
A
cc
ep
te
d 
A
rt
ic
le
This article is protected by copyright. All rights reserved. 
visualization of internal finger movements (Figure 2). A third, tripod-mounted camera 
captured an external view. 
 
CTA was performed in three stages. The first stage, conducted from June to July 
2012, generated a CTA for BVE. The second refined this detailed CTA to form a 
checklist suitable for teaching or assessment. The third stage evaluated the CTA to 
confirm that the essential examination steps were successfully captured. The last 
two stages were conducted from July to December 2014. 
 
SMEs each performed two BVEs on our prototype model. According to methods 
previously described for digital rectal examination [12], the bench-top model was 
combined with a head and neck mannequin and covered with a blanket to simulate a 
normal clinical environment. For the first examination, SMEs were instructed to 
examine and interact with the model as would be done during a routine 
gynecological examination. For the second examination, the SMEs were asked to 
interact with a researcher present in the room as though they were a medical student 
who was unfamiliar with BVE and needed to be taught best practice. Pressure and 
positioning sensors on the examiner’s fingertips [17] collected force and trajectory 
data for potential future use. The first examination lasted less than 2 minutes as per 
standard practice. The second examination with researcher interaction took slightly 
longer owing to the verbal explanations that were provided (2–3 minutes). 
 
SMEs answered a post-examination questionnaire about model limitations, the role 
of different examination aspects including communication, and questions to inform 
on the potential uses of the CTA. 
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The resulting full list of steps described every aspect of BVE in detail. However, from 
an educational perspective recognizing the potential of a CTA checklist for teaching 
and assessment, this initial CTA was deemed too long to be of practical use. 
Furthermore, many aspects (e.g. communication steps) are already covered 
extensively elsewhere in medical education. The more challenging parts of BVE are 
the unseen internal steps, which are also critical to develop computerized simulation 
models. Accordingly, we decided to focus our CTA to comprehensively describe the 
internal examination steps, at a level appropriate for medical student teaching. With 
this aim, video and audio data were reanalyzed. A reduced-step CTA was produced 
with more detail provided on the internal examination. These steps were written so 
that a medical student with basic anatomical knowledge but no previous experience 
of BVE could replicate the examination with no additional input. 
 
This reduced-step CTA was assessed and further refined by five additional 
independent SMEs (as previously defined) through structured interviews. A sample 
size of five was deemed appropriate based on the related literature [12,14]. SMEs 
were asked to justify appropriate and inappropriate steps, clarify dissenting 
performances, and identify critical steps to ensure safe practice at medical student 
level. For example, following expert feedback, the step detailing insertion of digits 
into the vaginal canal was edited from “two” to “one or two” digits. Although only one 
SME performed the examination with a single digit, SMEs stated that juniors should 
always consider inserting one finger initially, before later inserting two according to 
necessity and patient comfort. Any disagreement was reconciled through further 
independent discussions until full agreement was reached on a final refined 
checklist, paralleling similar studies [12–14]. 
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The last stage validated the final CTA to assess if it captured the essential steps of 
BVE successfully. To do this, the original SME examination videos were reanalyzed 
and scored against the refined CTA. This determined the percentage of steps that 
were clearly observed and/or verbalized, and those that were not clearly performed 
(either missed by the clinician, or unclear from limitations in the simulation and 
camera set-up). Scoring was undertaken by one author (OM, Rater 1) and a 
separate independent expert (Rater 2). Rater selection was done in line with similar 
studies [12,14]. SPSS version 22.0 (IBM, Armonk, USA) was used for statistical 
analysis. 
 
3. Results 
Video and audio data of examinations performed by the 10 SMEs was analyzed to 
produce a comprehensive list of 88 steps (Supporting information) [16]. This took a 
holistic view of BVE, including communication, preparation, and subspecialty specific 
steps. Although globally comprehensive, the steps were not specific enough for a 
student to replicate the examination, were too long to be of practical use for 
teaching, and provided insufficient detail of unseen internal steps for input into digital 
simulation. 
 
The initial 88-step CTA was reduced to 35 steps after reanalyzing video and audio 
data, focusing on internal aspects of BVE. Further refinement through structured 
interviews reduced the CTA to 30 procedural steps (25 essential, 5 deemed 
necessary only if pathology was noted) (Table 1) [18]. This 30-step CTA is more 
practical and in a more useful format for teaching and assessment, as well as for 
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developing computer simulations. It consists of anatomically comprehensive steps 
that students can learn and replicate to perform BVE. 
 
The final 30-step CTA was used as a procedural examination checklist to rate the 
videos of the expert clinicians. The sensitivity of the judgments between the two 
raters was 69%. We observed fair agreement between the raters’ judgments using 
Cohen’s kappa, κ = 0.327 (95% CI, 0.249–0.405), P<0.001, and a moderate positive 
Spearman’s rank-order correlation between the raters’ judgments rs(298) = 0.549, 
P<0.001. The resulting concordance between the raters can be partly explained by 
differences in judgments when it was unclear for Rater 2 if optional steps were 
performed and Rater 1 was either able to see them or not (29 [9.6%] cases). Yes/No 
disagreements accounted for only 22 (7.3%) cases altogether (Table 2). Power 
analysis indicates that our sample size is adequate when we take into consideration 
this correlation coefficient as the effect size measure with a significance level of 0.05. 
 
The mean number of the 30 CTA steps performed and/or verbalized by SMEs was 
21.6 ± 3.12 (72% ± 10.4%; range 15.9–27.9, 53%–93%) (Figure 3; left image). The 
steps that were most commonly missed were step 2 (“If concerned, palpate the 
areas of concern”) and step 27 (“If endometriosis is suspected, insert the finger(s) 
deeper until the posterior fornix is felt and attempt to feel the uterosacral ligaments”). 
These were both performed by only one SME (10%) (Figure 3; right image), and are 
both additional steps if pathology is suspected.  
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From the post-examination questionnaire, 7 (70%) SMEs strongly disagreed or 
disagreed that the bench-top model used had serious limitations, and 3 (30%) 
neither agreed nor disagreed. Comments included that the ovaries were easier to 
feel than in reality, but that this might be beneficial for training purposes. The vulva, 
vagina, and especially the introitus were not quite accurate, while the mid- and upper 
vagina were deemed very accurate. The silicon materials were thought to make the 
model more realistic than current commercial models. The semitransparent vagina 
was deemed very useful, and it was suggested that this semitransparency could be 
incorporated into the entire model. It was felt that real-time visual feedback about 
hand position and anatomy would be very beneficial for students when learning, as 
well as for trainers to give feedback. Nine (90%) SMEs strongly disagreed or 
disagreed that current BVE training is adequate. Ten (100%) SMEs strongly agreed 
or agreed that virtual reality simulators would be useful training aids, and commented 
that the model would benefit teachers since they could assess if students had really 
felt the anatomical structures. Ten (100%) SMEs strongly agreed or agreed that 
junior doctors lack confidence in performing BVE, and commented that simulation 
with haptic feedback would allow repeated practice, resulting in improved clinical 
performance. 
 
4. Discussion 
This study applied CTA methodology to successfully outline the necessary steps to 
perform a comprehensive and safe BVE. We generated and validated a 30-step 
procedural examination checklist for use in teaching (as a stand-alone tool, or in 
tandem with existing teaching), as an assessment mark scheme, or simulator 
development. Overall, SME examinations covered the majority (21.6 [72%]) of steps 
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in the finalized CTA. There were only minor discrepancies in missed steps, with 
steps most commonly missed only necessary if specific pathology is suspected. This 
demonstrates that our CTA successfully captures the steps in routine expert 
examinations, and justifies our refinement and evaluation. Subspecialist interest 
steps (e.g. gyne-oncologist lymph node palpation) were eliminated during CTA 
refinement, as such steps were deemed beyond the appropriate standard for 
medical students.  
 
After successfully harnessing CTA methodology for digital rectal examination [12], 
we wanted to apply this approach to BVE—another “unseen” internal examination. 
These are both core competencies expected of medical graduates [19], and skills 
that medical students report feeling underprepared to perform [4,5,20]. Furthermore, 
there is a lack of standardization and current guidelines do not specify or justify 
pelvic examination steps [21,22]. Thus, there is room for innovative teaching 
approaches to BVE to improve learning outcomes.  
 
To the authors’ knowledge, this is the first descriptive study to produce a 
standardized universal checklist of procedural steps in BVE. CTA methodology has 
proved beneficial in other examinations [12] and procedures [13–15]. Furthermore, 
CTA methodology in this study captures SME skill and knowledge through 
performance analysis and structured interviews, respectively. The resulting extended 
CTA of BVE depicts all aspects of the examination, including communication, while 
the refined CTA summarizes technical steps into a checklist suitable for teaching, 
assessment, and simulator development. The bench-top model designed for this 
study enables direct visual feedback of internal steps, which has never previously 
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been possible. We plan to assess the CTA’s effectiveness as a medical student 
teaching tool in a future educational study. Similar to previous work using haptic 
feedback for digital rectal examination [23] and rectal palpation of the bovine uterus 
[24,25], there is also scope to apply our CTA data to develop a virtual reality haptic 
simulator for BVE.  
 
The study has several limitations. Firstly, individual SMEs did not perform all steps in 
the resulting CTA. This could be interpreted as the CTA including unnecessary 
steps; however, five steps were only required if pathology was suspected, and these 
were the most commonly missed steps. Furthermore, the CTA’s purpose was to 
reduce variability between clinicians by providing a standard schema for a thorough, 
safe examination. Secondly, SMEs only performed BVE twice, and were prompted to 
narrate their steps for the second examination. As they were prompted by a 
researcher and not a student, the descriptions and explanations may not reflect a 
traditional teaching session. In contrast to the digital rectal examination CTA [12], 
SMEs in the present study performed well at verbalizing internal steps. However, 
especially with awareness of recording, this level of description may not be 
representative of standard teaching sessions. Validity and concordance among 
raters could be improved with additional raters of SME performance. Finally, this 
study targeted BVE teaching at medical student level; a more complex CTA with a 
greater focus on identifying pathology and cognitive decision points would be 
necessary for specialty training.  
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Three SMEs (30%) neither agreed nor disagreed that there were “serious limitations” 
to the model. However, as the major criticism was that more robust materials should 
be used, this is unlikely to have had a serious impact on the overall examination 
steps performed, or on the resulting CTA. Regardless, simulator characteristics 
could be improved. Three-dimensional printing with translucent plastic would 
eliminate the need for electronics and cameras, and render the model more 
marketable and distributable. Studying recorded force and positional data could 
improve understanding of expert performance to provide benchmarks. Combined 
with a pressure sensor, this could prompt reactions from simulated patients if the 
examiner uses enough force to elicit discomfort.  
 
Prior CTA research has targeted advanced procedures where finger movements can 
be visualized and may cause significant risk of physical harm to the patient [8,13–
15]. Risks associated with BVE are related to patient distress and diagnostic failures 
rather than to physical harm. This is reflected in the CTA in that cognitive steps aim 
to recognize patient distress and respond appropriately, as well as elicit abnormal 
findings. Furthermore, BVE requires internal finger movements that neither student 
nor teacher can visualize, but were made explicit through our methodology. This 
ensures students are taught best practice and key pathological signs are not missed 
clinically, thus improving safety and patient experience [7]. 
 
In conclusion, this study used CTA to deconstruct BVE into a validated 30-step 
standardized procedural checklist for use in teaching, assessment, and simulator 
development. 
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[Note to typesetter: Please retain the red italics in Table 1] 
Table 1. Thirty-step cognitive task analysis of bimanual vaginal examination.  
Note: Any vaginal examination should be preceded by abdominal palpation. You must have 
a chaperone and patient consent. 
The text in black denotes the key and essential steps. The text in red italics denotes nonessential 
steps usually contingent on finding pathology/disease. 
1 Make sure gloves are worn. Inspect the external genitalia making sure you view the vulva, 
perineum, vestibular area, perianal area, and interlabial folds.  
2 If concerned, palpate the areas of concern. 
3 Using two fingers from the nondominant hand, separate the labia minora. 
4 Making sure your finger is lubricated on your dominant hand, insert your index finger (+/– 
middle finger) to the distal interphalangeal joint (finger in line with the sagittal plane). 
5 If tactile sensation from the fingers reveals any abnormalities or if there is clinical concern, 
palpate the inner vulva/introitus using pronation and supination movements until a 360 
degree sweep has been completed. 
6 If appropriate (i.e. NOT in virgin females or tight introituses) and if not already done in step 
4, insert the middle finger in the anteroposterior diameter in line with the sagittal plane with 
both fingers facing the wall of the vagina (index superior to the middle finger). 
7 Continue insertion of the finger(s) aiming posterior and inferior; at the same time be 
mindful of the tactile feedback from the finger(s) on all surfaces to detect any 
abnormalities such as lumps, bumps, and changes in texture. As the insertion occurs, 
rotate the fingers into the coronal plane so that the finger(s) are facing upward. 
8 If any abnormality is suspected or detected, with the fingers fully inserted rotate the fingers 
using pronation and supination movements to palpate every wall of the cavity using a 360 
degree rotation. 
9 Adjust finger(s) position until the posterior–inferior edge of the cervix is felt (finger(s) in 
coronal plane facing upward). 
10 At the cervix, use the finger(s) to feel the inferior surface and cervical os (assessing for 
lumps or bumps). 
11 Place the finger(s) on the posterior edge of the cervix (finger(s) to overlap with cervix by a 
few millimeters to 0.5 cm maintaining contact with the cervix). The fingers should be facing 
as in step 9. 
12 Now elevate the finger(s) by flexing the proximal or intermediate interphalangeal joint (by 
approximately 40 degrees) and thus lifting the cervix to elicit cervical excitation (some 
choose to press on the surface of the cervix and os as an alternative). 
13 Allow the finger(s) to relax to their original position and repeat step 12 twice or more. 
14 Return the finger(s) to the position in step 11. 
15 At the same time as performing steps 11–14, place the nondominant hand on the 
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abdomen, usually starting at the umbilicus, and palpate toward the pubic synthesis until 
the fundus of the uterus is felt. 
16 Simultaneously to step 15, using the finger(s) in the vagina elevate the cervix by flexing 
the proximal interphalangeal joint and by association the uterus to bring them into the 
palpating abdominal hand, thus stabilizing the pelvic organs between both hands 
(assessing size, shape, and mobility).  
17 With the uterus stabilized move both hands anteriorly and posteriorly to assess the 
mobility of the uterus (balloting). 
18 Repeat step 17 twice or more. 
19 Move the abdominal hand into the left iliac fossa. 
20 Supinate the finger(s) aiming for the left lateral fornix and angle the finger(s) laterally up to 
45 degrees. 
21 Insert the finger(s) into the left lateral fornix aiming for the abdominal fingers in the left iliac 
fossa (also assess for adnexal tenderness). 
22 Aim the finger(s) and hand toward each other as if they are to meet. 
23 In the process feel for the ovary (not always felt). 
24 Once the ovary is stabilized between both finger(s) and hand, assess size, shape, and 
density, then move it anterior and posterior to assess stability and motion. 
25 Once complete, mirror the same assessment (steps 19–24) on the right iliac fossa and 
right lateral fornix. 
26 Once complete, return the fingers to position in step 11 while returning the abdominal 
hand to cup the fundus of the uterus suprapubically. 
27 If endometriosis is suspected, insert the finger(s) deeper until the posterior fornix is felt 
and attempt to feel the uterosacral ligaments. 
28 Move the finger(s) anterior and posterior along the ligaments (feel for thickening and/or 
nodularity). 
29 Once complete, retract and rotate the finger(s) into the sagittal plane (with the index finger 
above the middle finger if used) and remove finger(s) in the anteroposterior diameter.  
30 After removing finger(s) from the vagina, inspect for blood and/or discharge and be 
attentive to any abnormal odors. 
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Table 2. Confusion matrix: frequency of scores by both raters who observed 10 videos and judged 
whether each of the 30 steps were clearly seen/verbalized, unclear, or not seen/verbalized. 
 Rater 2  
No  Unclear  Yes Total  
Rater 1 No 18 33 21 72 
Unclear 1 3 6 10 
Yes 1 31 186 218 
Total   20 67 213 300 
 
 
Figure legends 
Figure 1. Prototype pelvic model used to perform bimanual vaginal examination. 
Figure 2. Side view of the pelvic model showing anterior and lateral view integrated 
cameras. 
Figure 3. Left image: Percentage of the 30 CTA steps performed by 10 experts, 
according to Rater 1 (OM, light green) and Rater 2 (dark green). Right image: 
Percentage of the experts that performed each step of the 30-step task analysis, 
according to Rater 1 (OM, light green) and Rater 2 (dark green). 
 
Supporting information 
Eighty-eight step cognitive task analysis 
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